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Abstract. By the use of the gauge/gravity duality, we calculate the imaginary part of heavy quarkonium potential
and thermal width with the effect of gluon condensate which is absent in AdS5 background. Our results show that the
dropping gluon condensate reduces the absolute value of imaginary potential and therefore decreases the thermal width
both in "exact" and "approximate" approach implying that the heavy quarkonium has a weaker bound with the increase
of gluon condensate. In addition, the thermal width will disappear at a critical condensate value, which indicates the
dissociation of quarkonium. We conclude that increasing gluon condensate will lead to easier dissociation of heavy
quarkonium for fixed temperature.
PACS. PACS-key 11.25.Tq, 25.75.Nq
1 Introduction
It is well-known that the experiments, RHIC and LHC, have
found a new state of matter which is called as quark gluon
plasma(QGP) produced by the heavy ion collisions [1, 2]. Heavy
quark anti-quark pair can be regarded as one of probes in the
process of quark-gluon plasma(QGP) formation because the
disolution of quarkonium implies the occurrence of deconfine-
ment phase transition[3, 4]. We usually use heavy quarkonium
potentialVQQ¯ to describe the interaction energy between quark
and anti-quark. It is found that the potential may be in pos-
session of a imaginary part at non zero temperature, which is
closely related to the decouple of heavy quarkonium, and it is
believed that the disolution of quarkonium is not because the
binding energy disappear but because the reduced binding en-
ergy becomes as big as the thermal width which can be calcu-
lated by imaginary potential[5–12]. So far, there are two main
mechanisms for quarkonium dissociation or the appearance of
imaginary potential, one is from the Landau damping of ap-
proximately static fields[5, 13, 14] and the other is its color
singlet to color octet thermal break up[15].
In the past few years, a lot of works about the imaginary
part of the heavy quarkonium potential have been done in a
weakly coupled theory[16–19]. However, QCD theory is a strong
coupling theory. Gauge/gravity duality[20–23], breaking the
conformal symmetry at low energy, provides a very important
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tool to research the properties of hadron physics in a strong
coupling systems[24–43]. Many scholars used holographic ap-
proach to study imaginary potential by considering various back-
ground like taking into account of chemical potential[44], they
observed that the presence of the chemical potential decreases
the dissociation length. In addition, many researches show that
the process of heavy ion collisions will produce strong mag-
netic field[45–59], so a numbers of passages based on this have
been published, such as Ref.[60], which shows that increasing
magnetic field enhances the imaginary potential and decreases
thermal width. In Ref.[61], the energy loss of heavy and light
quarks has been calculated in holographic model. Moving case
was also taken into account in[62, 63] which drew a conclusion
that slowly moving quarkonium are less stable than static case.
When we consider a full quantum theory of QCD, a non-
zero the trace of the energy-momentum tensor is manifested,
since there is an anomaly, implying a nonzero gluon conden-
sate. One can calculate the gluon condensate by trace anomaly[64–
66] as follows
∆G2(T ) = G2(T )−G2(0) =−(ε(T )− 3P(T)), (1)
where G2(T ) denotes the gluon condensate of limited temper-
ature, G2(0), being equal to the condensate value at deconfine-
ment transition temperature, is the condensate vale of zero tem-
perature, ε(T ) is the energy density, p(T ) is the pressure of
QGP system. However, recent lattice calculations based on a
QCD sum rule method have shown that the gluon condensate
behaves a rapid change around Tc[67, 68]. If we ignore shift in
the width of the quarknia, this change will result in a reducing
heavy quarkoniummass around Tc. Therefore, one can find that
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the gluon condensate is quite sensitive to the deconfinement
phase transition of QCD and could be regarded as the signal to
study phase transition. A lot of works on gluon dynamics have
been investigated in holographic model[31, 38, 39, 69–76]. In-
spired by this, we research the impact of gluon condensate on
imaginary potential and thermal width in this work.
The heavy quark anti-quark potential, at finite temperature,
can be drawn from the vacuum expectation value in Wilson
loop operator[77–79]. From the standpoint of AdS/CFT cor-
respondence, the value of 〈W (C)〉 in the limit of large Nc of
strongly coupled 4-dimensional gauge theory is dual to gravity
in the 5-dimensional bulk geometry. So we can get the stringy
partition function. The stringy partition function in the classi-
cal gravity approximation is approximately equal to the expo-
nent of the imaginary number unit i multiplied by the classical
string action, which could be regarded as the Nambu-Goto ac-
tion. Then, the imaginary part of potential and thermal width
can be calculated.
In this paper, we will take saddle point approximation ap-
proach to study the effect of the gluon condensate on imaginary
part of heavy quark-antiquark potential, which leads to some
restrictive conditions. Besides, the calculating results show that
there is a critical condensate value, where the thermal width
will disappear implying the dissociation of quarkonium. The
rest of this paper is organized as follows. In section 2, we briefly
review the holographic model with the effect of gluon conden-
sate. In section 3, the results of the impact of gluon condensate
on imaginary potential and thermal width are displayed. In sec-
tion 4, conclusion and further discussion are given.
2 The holographic model
To beginwith, we briefly review the 5-dimensional gravity back-
ground in Minkowski space with a dilaton [80]
S =
1
2k2
∫
d5x
√
g
(
R+
12
L2
− 1
2
∂µφ∂
µ φ
)
, (2)
where k is the 5-dimensional gravitational coupling, L is the ra-
dius of the asymptotic AdS5 spacetime. φ is a massless scalar
coupled with the gluon operator. By solving the top action,
we can get dilaton equation of motion(EOM) and the Einstein
equation. The solutions can be solved from EOM with a suit-
able metric ansatz. One is the dilaton-wall solution[80, 81],
ds2 =
L2
z2
(
√
1− c2z8(dx2+ dt2)+ dz2), (3)
φ(z) =
√
3
2
log
(
1+ cz4
1− cz4
)
+φ0, (4)
where φ0 is a constant and x = x1,x2,x3 are orthogonal spa-
tial boundary coordinates. z denotes the 5th dimension radial
coordinate. We assume the asymptotically AdS5 boundary for
gravity dual is at z= 0. c denotes the value of gluon condensate.
The other metric is the dilaton black hole solution [27, 82].
ds2 =
L2
z2
(
A(z)dx2−B(z)dt2+ dz2
)
, (5)
where
A(z) = (1+ f z4)( f+a)/2 f (1− f z4)( f−a)/2 f , (6)
B(z) = (1+ f z4)( f−3a)/2 f (1− f z4)( f+3a)/2 f , (7)
f 2 = a2+ c2, (8)
and the corresponding dilaton profile is
φ(z) =
c
f
√
3
2
log
(
1+ f z4
1− f z4
)
+φ0. (9)
Note that the position of the singularity is determined by
f = z−4c , where zc is an IR cut-off. One can easily find that the
dilaton black hole solution becomes the AdS black hole solu-
tion when c = 0, and the solution reduces to the dilaton wall
solution with a = 0. In addition, a Hawking-Page transition oc-
curs between the dilaton wall background and the dilaton black
hole background at some critical value of a. Therefore, the dila-
ton wall solution corresponds to confined phase, and the dilaton
black hole solution describes deconfined phase. More details
can be seen from[69]. Next, we convert z coordinate to r coor-
dinate by a boost r = L
2
z
, then the metric (5) is
ds2 =
r2
L2
(
A(r)dx2−B(r)dt2
)
+
L2
r2
dr2, (10)
with
φ(r) =
c
f
√
3
2
log
(
1+ f r−4
1− f r−4
)
+φ0, (11)
where
A(r) = (1+ f r−4)( f+a)/2 f (1− f r−4)( f−a)/2 f , (12)
B(r) = (1+ f r−4)( f−3a)/2 f (1− f r−4)( f+3a)/2 f , (13)
f 2 = a2+ c2. (14)
Parameter a is related to the temperature, a= (piT 4)/4. The
location of horizon rh = a
1
4 . Note that the presence of the cut-
off, the range becomes r f < r <∞. In addition, we set the value
of gluon condensate 0≤ c≤ 0.9GeV 4[70, 71]. We set L = 1 in
this paper.
3 The effect of gluon condensate on
imaginary potential
In this section, following the form in [9, 63, 83], we will calcu-
late the imaginary potential and thermal width under the back-
ground metric (10). Now, we consider a rectangular Wilson
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loop, whose length of short side is L in the spatial direction
and a long side is T along a time direction. Set a dipole lo-
cated in the direction of short side and the quarks are located at
x1 =± L2 . Then, we use the string worldsheet coordinates
t = τ, x1 = σ , x2 = x3 = const, r = r(σ). (15)
The Nambu-Goto action of the string is
SNG =− 1
2piα ′
∫
dσ dτ
√−g, (16)
where α ′ is related to ’t Hooft coupling as 1α ′ =
√
λ . g is the
determinant of the induced metric being given by
g00 = r
2B(r), g01 = g10 = 0, g11 = r
2A(r)+
r′2
r2
. (17)
In the calculation of imaginary potential, we will not con-
sider the impact of dilaton. Then we can get the lagrangian den-
sity
L =
√
U(r)+V(r)r′2, (18)
where
U(r) = r4A(r)B(r), V (r) = B(r), (19)
and the prime represents derivative with respect to σ . Since the
Lagrangian in this paper has the same form as that in Refs.[9,
63, 83], we will straightforwardly give the formulas of separa-
tion distance, imaginary potential and thermal width according
to Refs.[9, 63, 83], as follows
L = 2
∫
r0
∞
dr
√
U(r0)V (r)
U(r)(U(r)−U(r0)) , (20)
ImVQQ¯ =−
1
2
√
2α ′
√
V (r∗)
(
U ′(r∗)
2U ′′(r∗)
− U(r∗)
U ′(r∗)
)
, (21)
ΓQQ¯
T
=− 4
(a0T )3
∫
dω ω2 e
−2ω
a0 T
ImVQQ¯(ω)
T
, (22)
where ω = LT . A upper and lower bound need be given for this
integral. A upper limit can be easily obtained by the maxima of
LT , while a lower bound can be derived by this condition σ ≥ 0
[9, 63, 83]. So the range of this integral is LTmin ≤ ω ≤ LTmax.
With all the preparations in place, LT versus rh/r0 for dif-
ferent values of c is shown in Fig. 1. One can find clearly that
increasing c leads to decreasing LTmax. Here, we define LTmax
as the dissolution length of heavy quarkonium. Namely, the
increase of gluon condensate leads to a easier dissociation of
heavy quarkonium.
In Fig. 2, we draw ImV/(
√
λT ) against LT for c= 0.2GeV4,
0.5GeV 4, 0.8GeV 4. The range of each line of imaginary poten-
tial starts at a certain value LTmin and ends at LTmax, which is
corresponding to r0max and r0min in Fig. 1, respectively. LTmin
is a point where the imaginary potential becomes negative and
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Fig. 1. LT as a function of rh/r0 for some choices of c with a fixed
temperature T = 0.2GeV . Solid line represents c = 0.2GeV 4, dashed
line denotes c = 0.5GeV 4, dotted line is c = 0.8GeV 4.
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Fig. 2. ImV/(
√
λT ) versus LT for some choices of c with fixed tem-
perature T = 0.2GeV . Solid line represents c = 0.2GeV 4, dashed line
denotes c = 0.5GeV 4, dotted line is c = 0.8GeV 4.
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Fig. 3. Compare of exact and approximate approach at c = 0.2GeV 4
and T = 0.2GeV. Solid line represents conservative approach, dashed
line represents approximate approach.
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LTmax is the maximum value during the whole valid range of
rh/r0. In addition, of interests is that increasing gluon conden-
sate causes the imaginary potential to start from smaller dis-
tance and have a larger absolute value, which indicates gluon
condensatemakes the suppression of heavy quarkoniumstronger.
In the following, the thermal width will be got by think-
ing of various factors. There are two kinds of way to evaluate
the thermal width[8, 9, 72]. One approach, named "exact" ap-
proach, is only to take the integral range of imaginary poten-
tial from LTmin to LTmax. Another approximate approach is to
use a straight-line fitting for ImV and the integral range will
be from LTmin to infinite when evaluating the thermal width.
As discussed in these papers, the conservative approach gives
a lower bound for the thermal width while the approximate ap-
proach will considerablely overestimates the thermal width. It
is clearly shown in Fig. 3.
Another point we need to be cautious is the consistence of
results calculated in two approaches. Since we find the non-
trival behavior of thermal width for increasing rapidities, it’s
hard to determine the real behavior of thermal width.More con-
cretely, the thermal width calculated by conservative approach
is decreasing while the thermal width calculated by approxi-
mate approach is increasing both for increasing rapidity[72].
For comparison, we use both approaches to evaluate ther-
mal width as shown in Fig. 4 and Fig. 5, respectively. We dis-
play Γ /T as a function of a0T for some different values of c.
It is found the the large value of gluon condensate will lead to
large width in both two approaches, Namely, increasing gluon
condensate results in a weaker bound for heavy QQ¯ pair. This
conclusion is consistent with Ref.[70], in which they investi-
gated the gluon condensate on real potential.
In Fig. 6, by setting mQ = 4.7GeV , corresponding to a0 =
0.621GeV−1 and the t’Hooft coupling λ = 9, we plot the ther-
mal width of ϒ (1S) state as a function of the gluon conden-
sate. It is found that there is a critical value c0 below which
the thermal width will disappear. It can be inferred the crit-
ical value of gluon condensate indicating the dissociation of
heavy quarkonium. Since, the high temperature leads to a dra-
matically decreasing of gluon condensate, that is to say, small
condensate means very high temperature. But the relationship
between temperature and gluon condensate is not related in this
metric.
In this work, there are a lot of constraints but the most im-
portant constraint is small thermal fluctuations for the saddle
point approximation, called as mathematical approximation. In
addition, there is a constrain imposed by physics itself, named
as physical approximation, existing a threshold c0 for fixed
temperature, in which the imaginary potential will disappear,
equivalently, thermal width will disappear. In some sense, it
may indicate the dissociation of heavy quarkonium.
0.0 0.1 0.2 0.3 0.4 0.5
0
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10
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20
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Fig. 4. Γ /T as a function of a0T calculated by approximate approach
at fixed T = 0.2GeV . Solid line represents c = 0.2GeV 4, dashed line
denotes c = 0.5GeV 4, dotted line is c = 0.8GeV 4.
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Fig. 5. Γ /T as a function of a0T calculated by exact approach at fixed
T = 0.2GeV . Solid line represents c = 0.2GeV 4, dashed line denotes
c = 0.5GeV 4, dotted line is c = 0.8GeV 4.
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Fig. 6. Γ /T ofϒ (1S) state as a function of c for fixed T = 0.2GeV .
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4 Conclusion and discuss
In this paper, we have used the string worldsheet fluctuation
approach around the deepest point of the string to study the
effect of gluon condensate on imaginary potential of heavy
quarkonium in strongly coupled quark gluon plasma by us-
ing the AdS/CFT correspondence. The imaginary potential and
thermal width are calculated by using a general formula, as
shown in (21) and (22). A accurate regime of this methods has
also been given, LTmin ≤ω ≤ LTmax, where LTmin is determined
by σc which is a real, and LTmax corresponds to the maximum
of LT . The thermal width is calculated by a ground-state wave
function of a particle in a Coulomb-like potential and the Bohr
radius is inversely proportional with one half mass of ground-
state particle.
One can find that the decrease of gluon condensate enlarges
the inter-distances and makes the onset of the imaginary po-
tential happen for larger LT which means that the suppression
becomes weaker. In addition, the dropping gluon condensate
reduces the absolute value of imaginary potential.
Since two different approaches of evaluating thermal width
give two opposite behavior in non-vanishing rapidity, for secu-
rity, we compute the thermal width with these two approaches
in non-vanishing gluon condensate and find the consistence of
the two approaches. Thus, we can conclude that increasing the
value of gluon condensate leads to increasing thermal width.
Namely, the dropping gluon condensate makes heavy quarko-
nium have a stronger bound for fixed tempareture, which shows
the heavy quarkonium is easier to dissociation. This conclusion
is in agreement with Ref. [70], in which they investigate the ef-
fect of gluon condensate on real potential. We also find there
is a critical value of gluon condensate below which the thermal
width will no longer exist. We presume it relates to the dissoci-
ation of heavy quarkonium.
The drawback of this model is that the value of gluon con-
densate don’t have a direct connection with temperature. In
some sense, the condensation is piecewise constant function,
which allows us to consider the effect of gluon condensate and
temperature on thermal width separately[69]. But a real situ-
ation requires us to examine the back reaction of gluon con-
densate and temperature in a more complicated holographic
model[84]. This problem can be further discussed in future
work.
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